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Febrile neutropenia (FN) is a common complication in patients with hematologic disorders, malignancy, and transplantation. As a result of intensive chemotherapy, surgery, radiotherapy and modern supportive care modalities, an increased probability of long term event-free survival has been achieved in pediatric cancer and bone marrow transplantation (BMT) patients. Although the source of fever can be severe infections in neutropenic patients, noninfectious factors can lead to fever, as well. 1, 2 Clinically documented infections are responsible 20%-30% of these febrile episodes and bacteremia occurs in 10%-25% of patients with FN. [1] [2] [3] Despite advances in diagnostic modalities, the rates of unidentified etiology of fever and neutropenia have remained above 50 percent in the past decade 2 . Recent studies have shown that respiratory tract viruses (RTVs) have an important effect on morbidity and mortality in febrile and neutropenic cases without a microbiologically documented agent. [3] [4] [5] [6] The laboratory diagnosis of RTVs is difficult and is traditionally based on antigen detection and virus isolation. Using conventional virus detection methods, RTVs can be identified in only 11% to 25% of children with FN. 3 Utilizing polymerase chain reaction (PCR) techniques for viral detection has provided the advantage of increased sensitivity as compared to viral culture and antigen detection within a shorter time.
The primary aim of this study was to evaluate the frequency, clinical influence and seasonal distribution of respiratory viral agents on FN episodes. Additionally, we investigated the contribution of bacterial and fungal agents to FN episodes, and analyzed the catheter infections and treatment modality choices.
Material and Methods

Study population
This study was conducted prospectively between September 2012 and May 2014 in the Pediatric Hematology and Oncology Department. All attacks were consulted with a Pediatric Infectious Disease specialist. The research procedure was approved by the local ethical committee. Parents were informed about the study and each parent provided a written consent to allow their child to participate in the study. All children with a neutropenic febrile episode were analyzed. Fever is defined as a single measurement of >38.3ºC (oral) or ≥38.5 ºC (axillary) or a temperature of >38.0ºC sustained over a 1-h period. Neutropenia is defined as an absolute neutrophil count (ANC) of <500 cells/mm 3 or an ANC that is expected to decrease to <500 cells/mm 3 during the next 48 h. 1, 2 In order to compare the effect of ANC (below or over 500/mm 3 ) on FN episodes with respect to RTV infections, durations of fever and total treatment, we also included patients with ANC 500-1,000 mm 3 at the time of nasopharyngeal aspirate (NPA) obtaining and declined to <500 within 48 h.
Exclusion criteria were: patients with ANC >1,000 /mm 3 , patients whose ANC did not declined to <500 within 48 h, inadequate or inappropriate NPA samples, bleeding diathesis or nasopharyngeal tumor, thrombocytopenia (<50,000/mm 3 ) despite supplementation, hemodynamic instability, loss of consciousness or convulsion, and less than 3 weeks between two febrile episodes.
A d e t a i l e d p h y s i c a l ex a m i n a t i o n w a s performed, and laboratory and radiologic tests were evaluated within 24 hours after each episode. Demographic and clinical data were obtained from medical records. We analyzed age, diagnosis, presence or absence of BMT, graft versus host disease (GVHD), comorbid diseases, viral symptoms, and physical examination signs, origin of fever, presence of central venous catheter, culture positivity, and viral agent positivity of the patients. Also, leukocyte, ANC, absolute lymphocyte count (ALC), hemoglobin, platelet counts, Creactive protein (CRP) level, x-ray findings, preferred antibiotics, durations of lymphopenia, neutropenia, fever and treatment were recorded.
Data collection
Nasopharyngeal aspirate samples were obtained from each patient during their hospitalization using a standardized procedure. Each respiratory specimen was taken by introducing at least 2 ml of sterile saline solution into the nasal fossa via 6 Fr nasogastric tubes (cut according to the patients' size). Samples were stored and processed according to the manufacturer's instructions. After total nucleic acid was extracted (EZ-1 Advanced, Qiagen, ABD) using EZ- used to compare these proportions in different groups. The variables were investigated using visual and analytic methods (KolmogorowSimirnow/Shapiro-Wilks test) to determine whether or not they are normally distributed. Comparison of two groups was performed with non-parametric Mann-Whitney U test because of abnormal distribution of the variables. A p-value of less than 0.05 was considered to show a statistically significant result. Table I shows demographic and clinical characteristics of the study population. A total of 100 children (62 boys, 38 girls) with 166 febrile neutropenia episodes were included in the study. Absolute neutrophil count was between 500-1,000/mm 3 at the time of NPA samples were obtained in 32 patients. While the mean age was 90.4 ± 63.1 months, the mean age at diagnosis was 69 ± 58.9 months. The diagnoses of the patients were listed in Table I .
Results
Six patients had co-morbid disease (Down syndrome in one, Noonan syndrome in one, diabetes mellitus in one, ataxia-telangiectasia in one, and congenital heart disease in two patients).
The origin of the fever could be defined in 111
Patient enrolled, n 100
Febrile neutropenia attacks, n 166
Age (months), mean ± SD 90.4 ± 63.1
Diagnosis age (months), mean ± SD 69 ± 58.9
Gender (male/female) 1.6
Diagnosis, n
Hematologic malignancy 53
Solid tumor 25
Hematologic disorder 22
Bone marrow transplantation patients, n 19
Full-matched 15 The most preferred antibiotics, n
SBT-CPZ monotherapy 79
SBT-CPZ + amikacin combination 42
Additional drugs as first line therapy, n
Clarithromycin 16
Antifungal 27
Oseltamivir 12
Glycopeptid 34 We detected viral agents in 86 (51.8%) episodes (Table II) . Viral and bacterial agent positivity was found in six of 166 attacks (3.6%). The most common viral agents were HRV (n= 27), RSV (n=17), and HCoV (n=16). 
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autumn, and decreased in summer as parallel to the viral epidemiological distribution (Fig. 1) . Forty-three patients had multiple FN episodes (29 had two, 9 had three, 2 had four, 2 had five, and 1 had six episodes) (Table III) . When we analyzed 28 of them (who had an additional episode after a RTV positivity), we showed that only four patients had same viral agent in consecutive attacks. They had viral symptoms in each episode. Remaining 15 patients had either no RTV positivity or only one detected viral agent after one or more negative PCR results.
The proportions of the symptoms and physical examination signs in patients with and without viral agent positivity were listed in Table IV . Cough (p<0.01), nasal discharge (p<0.01), nasal congestion (p<0.01), sneezing (p<0.01), wheezing (p=0.01), rales (p<0.001) and rhonchi (p<0.001) were statistically significantly more common symptoms and signs in the viral agent positive group. Also, radiological sign positivity was higher in this group (p=0.03).
The median ANC was significantly higher in the viral agent positive patients compared to negative ones (200/mm 3 vs. 100/mm 3 , p=0.03). There were not significant differences in these patients in terms of the durations of lymphopenia and neutropenia, CRP level, and median ALC (p >0.05).
Comparisons of the patients with ANC ≤ 500/ mm 3 and > 500/mm 3 in terms of clinical and laboratory parameters during FN episodes were shown in Table V . We did not find a significant difference for viral agent positivity between these groups (p=0.48). However, patients with ANC>500/mm 3 more commonly had X-ray findings than ANC ≤500/mm 3 group (p= 0.005). Similarly, comparison of the patients with ALC ≤1000/mm 3 and >1000/mm 3 in terms of CRP levels and duration of fever were as following: 13.5 mg/L (1-449) vs. 11.8 mg/L (0. , respectively (p=0.32) and 3 days (0.5-12) vs. 2 days (0.5-7), respectively (p=0.12). There was no significant difference between two groups in terms of viral agent (p=0.6) and x-ray (p=0.51) positivity. However, duration of treatment was significantly longer in the latter group (p=0.04).
Although the patients with culture positivity had higher median CRP values than those with 516 viral agent positivity, it was not statistically significant (p=0.12). On the other hand, neither duration of fever nor x-ray finding positivity were significantly different (p=0.07 and p=0.8, respectively). Unlike, duration of treatment was significantly longer in patients with culture positivity (p<0.001).
In a total of 122 FN episodes (73.5%) the patients had central venous catheter (Hickmann in 75% and port catheter in 25%). Catheterrelated bloodstream infections occurred in 13 (10.7%) of these patients. Catheter lock therapy (CLT) (with amikacin in three and vancomycin in four) was performed in seven (53.8%) of the patients with CRBSIs. CLT was successful in five attacks and catheters could be rescued in these patients. The catheters were withdrawn due to septic shock in two patients, CLT failure in two patients, culture positivity for candida and acinetobacter in two patients with CRBSIs, and exit site and tunnel infections in two patients.
Discussion
Fever in the setting of neutropenia is often initial and potentially the only clinical sign of a bacterial, fungal, or viral infection. Previous descriptive pediatric studies confirmed that the depth and duration of neutropenia was a risk factor for developing infection. [1] [2] [3] Because clinical syndromes in the immunocompromised host are often nonspecific, laboratory detection of respiratory viral pathogens is essential for the diagnosis in these patients. A high incidence of respiratory viral infections occurs in children with hematologic malignancies and BMT, especially during periods of neutropenia. [1] [2] [3] [4] There have been few studies that have analyzed the frequency of the respiratory viruses during these episodes. 3,6-14 However, majority of them were retrospective, conducted in relatively small patient groups, and used conventional methods for identifying viral agents. Using PCR-techniques for viral detection allows advantage of increased sensitivity in a shorter time as compared to viral culture and antigen detection. We showed a high frequency of RTVs in a relatively large number of FN episodes by multiplex real time PCR method in this prospective study.
Infections are the major cause of morbidity and mortality in children with neutropenia secondary to chemotherapy. Identification of neutropenic episodes and initiating empirical broad-spectrum antibiotics promptly have reduced mortality below 5%. 5 It has been reported that mortality rate is three times higher in patients with ANC <100 /mm 3 than those with >1000/mm 3 . 1,2 However, origin of the fever cannot be defined in the majority of these cases. Historically the most frequent infections have been related to bacterial and fungal agents but more recently respiratory viruses have received increased attention as major pathogens in neutropenic patients. [14] [15] [16] [17] Indeed, respiratory viral agent positivity was 51.8% and both viral and bacterial agent positivity was 3.6% in our study. Supporting our results, Suryadevara et al. 3 reported this ratio as 52%. Few studies are available regarding this issue with lower frequencies of viral agents. Öhrmalm et al. 12 showed that 18.1% of FN patients had at least one viral agent in NPA samples in an adult study group. Remaining reports which were conducted in FN or BMT patients have reported respiratory virus frequency as a ratio of between 23% and 32%. 5, [18] [19] [20] While distribution of responsible viral respiratory agents varies between different studies, the most common detected viruses were HRV and RSV in the present study. 5,18-21 The duration of neutropenia is also very important risk factor for both bacterial and fungal infections during FN episodes. But the relationship between the duration of neutropenia and frequency of viral infections remains unknown. The durations of lymphopenia and neutropenia between RTV positive and negative groups were similar in our study (p>0.05).
On the other hand, characteristic symptoms, clinical signs and radiologic findings of RTV infections were significantly more common in viral agent positive patients.
Signs and symptoms of inflammation are often faint or absent especially in profound neutropenic patients. These findings occur more commonly with increasing neutrophil counts. 1, 2 Supporting this data, the median ANC count was significantly higher in the viral agent positive group compared to negative group in our study (p=0.03). Also, signs and symptoms were more prominent in these patients. Moreover, x-ray findings were more common in patients with ANC>500/mm 3 than ANC≤500/mm 3 group (p=0.005).
We also investigated the effect of viral agent positivity on the empiric antibiotic treatment duration in FN patients. We showed that duration of treatment was significantly shorter in viral agent positive patients than bacterial agent positive ones. A positive viral test can allow us discontinuation of broad-spectrum antibiotics in FN patients with no culture positivity and low risk according to FN guidelines.
One limitation of our study is the question whether the detected viral nucleic acid actually represents the direct causative agent of FN. A subclinical infection or intracellular nonreplicating viral nucleic acid remnants can easily cause PCR positivity. However, viral agent positive patients more commonly had viral symptoms, supporting an active infection in our study. On the other hand, post-infection viral shedding also can cause a positive viral PCR. Indeed, prolonged viral shedding of RSV, HRV and influenza A has been reported in children with cancer and transplantation. 5, 17 But, only 4 of 28 patients with recurrent FN attacks had the same virus positivity in consecutively sampled NPAs in this study. Although it is possible to represent a delayed viral shedding, it might be a result of second infection with the same agent, as well. Presence of viral symptoms in each FN episode supports the latter probability. Other limitations are presence of a small number of patients having ANC ≥500 mm 3 to compare the patients those with ANC < 500 mm 3 and lack of viral culturing.
In conclusion, this study showed that respiratory viral agents make a substantial contribution to the etiology of FN episodes in children.
Although the treatment is limited by supportive therapy modalities in majority of these agents currently, awareness of causal relationship and the impact of viral infections on neutropenic children would provide us ease for management of FN attacks, especially in low risk patients. An increase in the diagnostic and therapeutic approaches for respiratory viruses and more comprehensive studies are needed for detailed guide-line data in this patient population.
